Introduction
Globally, half a million women die each year during pregnancy and delivery, and 10 million children aged under five years die, mainly due to limited access to basic but effective health interventions. 1 Achieving the United Nations Millennium Development Goal for maternal and child health (MCH) requires strong health systems. 2 The strength of a country's health system is reflected in the distribution of health outcomes. 3 Universal social protection and equity from birth are part of a new agenda for global health equity. 4 Ensuring that key health interventions are widely and equitably available is critical for improved child survival. 5 For example, many studies have found that women who are better off economically have greater access to a skilled birth attendant. 6, 7 In Thailand, universal health coverage was achieved in 2002, and the health system is seen as equitable. 8 The scheme is financed through taxation in such a way that those on higher incomes pay more than those on lower incomes. 9 Ambulatory and hospital care are available to the poor through a geographically widespread network of district-level government health facilities. 10 Few households become impoverished through health care costs because the health service is comprehensive and free of charge at the point of service. 11 This progressive financing model, in addition to the equitable use of health services and public spending on health, have made Thailand one of the best performers in the Asia-Pacific region. [12] [13] [14] [15] Equity in the Thai health systems has been attributed to the extension of health facilities and human resources over the past three decades 16 and to the policy transition from "piecemeal targeting" to an approach that focuses on universality. 17 Among 30 low-and middle-income countries, Thailand has been one of the most effective countries in reducing mortality in children under five. 18 For example, the mortality rate fell from 58 per 1000 live births in 1980 to 30 in 1990 and to 23 in 2000. 19 The improvement in child survival has been accompanied by a remarkably small disparity between rich and poor. 20 This study of MCH equity in Thailand is the first to make use of a nationally representative household survey. The study assesses equity in health service use and for all key MCH outcomes. For example, it includes child malnourishment because it is an underlying cause of death associated with infectious diseases, and diarrhoea and pneumonia because they are the diseases most often associated with child deaths. 21 
Methods

Data sources
Data were obtained from the Multiple Indicator Cluster Survey, which was conducted by the National Statistical Office of Thailand from December 2005 to February 2006. The survey used structured, face-to-face interviews with women of reproductive age (15-49 years) in all provinces, and anthropometric measurement of children less than 5 years of age. An original sample of 43 440 nationally representative households was selected using a two-stage, stratified sampling technique. In this sample, 40 511 (or 93.3%) responded to the survey.
Indicators
Nine groups of MCH indicators were used as measures of health outcomes and coverage of health care interventions. The maternal health indicator was teenage pregnancy; this was applied to the 12 million women in Thailand aged 15-49 years who had given birth before the survey started. The coverage of maternal health indicators were family planning, prenatal care and delivery by a skilled health worker, and delivery in a health facility. The Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
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Objective To assess equity in health outcomes and interventions for maternal and child health (MCH) services in Thailand. Methods Women of reproductive age in 40 000 nationally representative households responded to the Multiple Indicator Cluster Survey in [2005] [2006] . We used a concentration index (CI) to assess distribution of nine MCH indicator groups across the household wealth index. For each indicator we also compared the richest and poorest quintiles or deciles, urban and rural domiciles, and mothers or caregivers with or without secondary school education. Findings Child underweight (CI: −0.2192; P < 0.01) and stunting (CI: −0.1767; P < 0.01) were least equitably distributed, being disproportionately concentrated among the poor; these were followed by teenage pregnancy (CI: −0.1073; P < 0.01), and child pneumonia (CI: −0.0896; P < 0.05) and diarrhoea (CI: −0.0531; P < 0.1). Distribution of the MCH interventions was fairly equitable, but richer women were more likely to receive prenatal care and delivery by a skilled health worker or in a health facility. The most equitably distributed interventions were child immunization and family planning. All undesirable health outcomes were more prevalent among rural residents, although the urban-rural gap in MCH services was small. Where mothers or caregivers had no formal education, all outcome indicators were worse than in the group with the highest level of education. Conclusion Equity of coverage in key MCH services is high throughout Thailand. Inequitable health outcomes are largely due to socioeconomic factors, especially differences in the educational level of mothers or caregivers. Child health indicators were low birth weight, moderate-to-severe child malnourishment and childhood illnesses. Low birth weight, defined as a weight of < 2.5 kg at birth, was assessed for the children of mothers who had given birth in the previous two years (i.e. 2 million mothers). Malnourishment in children was indicated by underweight, stunting (chronic malnutrition) and wasting (acute malnutrition), based on United States National Center for Health Statistics and World Health Organization standards. Child illnesses were diarrhoea and suspected pneumonia, both very common. Child malnourishment and illnesses were counted directly for those less than 5 years of age (estimated at 5 million).
Equity in maternal and child health in Thailand
Coverage of child health indicators were treatment for child illness (diarrhoea and suspected pneumonia) and child immunization. For the latter, the target population was children aged 12-23 months (estimated at 1 million) who had received the following before they reached the age of 1 year: one dose of bacille Calmette-Guérin (BCG) vaccine and of vaccine against measles, mumps and rubella (MMR); three doses of oral polio vaccine (OPV) and of vaccine against diphtheria, pertussis (whooping cough) and tetanus (DPT); and one dose of hepatitis B vaccine.
Equity stratifiers and measures
To assess wealth, we used the presence (or absence) of selected assets and durables in a sample household, because asset ownership tends to fluctuate less than individual income or expenditure. The assets we considered in houses were permanent floors, roofs or walls; flush or pour-flush toilets; transportation, including bicycles, motorcycles, cars or trucks; and electrical equipment, including radios, televisions, line or mobile telephones, refrigerators and computers. Households with these assets were considered richer than those without. We used principal component analysis of all household samples to generate a wealth index for each household, and we used this as an equity stratifier.
Using a standard method, we summarized the distribution of each MCH indicator over a gradient of the wealth index by a concentration index (CI) and a concentration curve (CC). 22 The CI, which ranges from −1.0 to +1.0, captures the extent to which health outcomes and service use are concentrated among different population groups (in this case, the richest and the poorest). A CI of zero means an equal distribution of a particular indicator throughout the economic gradients. A negative CI indicates a concentration among those who are poorer (i.e. the CC lies above the equality line of 45 degrees), and a positive CI reflects a concentration among those who are richer (i.e. the CC lies below the equality line).
We compared the prevalence of health outcomes and the coverage of the MCH interventions between the richest and the poorest subgroups using a risk ratio (RR). All households were ranked according to their wealth indices, which were divided equally into quintile (5) and decile (10) subgroups. Only the top (richest) and bottom (poorest) quintiles and deciles were selected for the RR calculation, to demonstrate any disparity between rich and poor. We also used ratio analysis to compare urban with rural domiciles, and mothers or caregivers educated beyond secondary school level with those lacking formal education.
Based on the results of the analyses, we estimated figures for the population of Thailand using the individual household members' sampling weights provided by the National Statistical Office. Table 1 summarizes the definition and number of the samples surveyed for each indicator, and the eligible estimated population in each case. Table 2 summarizes equity measures for all MCH indicators in terms of CI and RR between the richest and poorest quintiles and deciles.
Results
Economic inequity in health outcomes
Economic inequity in MCH was apparent in teenage pregnancy, low birth weight, child malnourishment and child illness (Fig. 1 ). These undesirable health outcomes were concentrated in the poorer subgroups (as shown by the negative CIs in Table 2 ). Concentration among the poor was greatest and was statistical significant for child underweight and stunting. The CI of child wasting was negative, but this had no statistical significance. Teenage pregnancy ranked third in magnitude of concentration among the poor. Suspected pneumonia and diarrhoea in children less than 5 years of age were also more concentrated among the poor (Table 2) .
In comparing MCH outcomes between the top and bottom wealth quintiles, RRs were consistent with the computed CI. Teenage pregnancy, child underweight, and reported diarrhoea and suspected pneumonia were more concentrated in the poorer than in the richer households. The RR between the top and bottom quintiles ranged from 0.24 for child underweight to 0.79 for child wasting (Table 2) .
Economic disparity in low birth weight was less clear. The positive CI reflected its concentration among relatively rich households, but without statistical significance. Also, the corresponding CC in Fig. 1 shows that the concentration occurred mainly in the third and fourth wealthiest quintiles, which were not particularly rich in absolute terms.
Economic inequity in service coverage
The key interventions for MCH were more uniformly distributed across economic strata than were the health outcomes (Table 2) .
For the maternal care interventions, prenatal and delivery care either by a skilled health worker or in a health facility showed a statistically significant concentration among the rich. However, the magnitude of the CI was modest and the RR between the richest and the poorest groups was close to one, indicating a negligible gap between rich and poor.
Coverage with oral rehydration salts/ oral rehydration therapy for diarrhoea was greatest in the richest quintile and decile. In contrast, coverage with appropriate health-care providers for suspected pneumonia was greatest in the poorest quintile and decile. Table 2 shows that, for childhood immunization coverage, the CI of the five vaccine types ranged from −0.0104 to 0.0002, and that the CI for family planning (at −0.0005) was not statistically different from zero. Thus, there was almost equitable service coverage for these indicators. Results on RR for these indicators were mixed (Table 2) ; all were less than one for comparison between the first and fifth quintiles, and two of the six were less than one between the first 
Geographic disparity of MCH
Health outcome prevalences were as follows: teenage pregnancy among all mothers, 37.3%; low birth weight, 8.3%; and child stunting, 11.9% (Table 3) . Service coverage was more equitable; for example, on average, more than 97% of respondents had prenatal care delivered either by skilled health workers or in health facilities, and more than 90% of children had received all vaccinations except the one against hepatitis B virus. Table 3 also summarizes the urbanrural and educational disparity in MCH, as reflected by the RR. Except for low birth weight, all undesirable MCH indicators were more concentrated in rural than in urban areas. The most profound health gap was child underweight, which was 48% more prevalent in rural than in urban areas. Child wasting and reported diarrhoea had the narrowest urban-rural disparity. In contrast, low birth weight was more prevalent in urban than in rural areas by 15%.
The urban-rural gap for MCH service coverage was small. Women living in urban areas were up to 4% more likely than those in rural areas to receive prenatal and delivery care from a skilled health worker, and delivery in a health facility. Although overall coverage at the national level of these recommended ma- Research ternal care indicators was high (> 95%), the lowest coverage was in the southern region of Thailand, especially in the three southernmost provinces, where the population is mainly Muslim (data not shown). Coverage of family planning by modern methods in the southern region was only 60%, lower than the national average of 73%. In contrast, coverage of family planning and all types of child immunization was greater in rural areas (Table 3) . Notably, immunization coverage in Bangkok was lower than in all other regions (data not shown).
Educational disparity and MCH inequity
Formal education of the mother or caregiver of children is a major determinant of MCH inequity; those who were more educated fared better on all outcome indicators. The difference was most striking for teenage pregnancy. Uneducated women (3% of the 12 million mothers) were 90% more likely than those educated beyond secondary school (10% of the 12 million mothers) to have their first pregnancy before the age of 20 years. Children who were underweight, stunted or wasted were more likely (71%, 61% and 48%, respectively) to have mothers or caregivers with no formal education (4% of 5 million children) than with education beyond secondary school (12% of 5 million children). Educational inequity among mothers of children who were ill or had low birth weight was small, but these indicators were still more prevalent in the subgroup with mothers or caregivers lacking education (Table 3) .
Women who were educated beyond secondary school were 10-28% more likely than those without any formal education to receive family planning, prenatal care and delivery by a skilled health worker or in a health facility. There was also a consistent increase in maternal care coverage with higher educational attainment, with a significantly sharp difference (RR: 1.1-1.28; P < 0.01) noted between the uneducated and those who had completed primary school (data not shown). Surprisingly, children born to mothers or cared for by someone who had been educated beyond the secondary level were 5-9% less likely than those not in this subgroup to receive all types of vaccination (except MMR vaccine) before the first year of age. The coverage for all five vaccines in the subgroup educated beyond 
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Research the secondary level was also lower than in two other subgroups: those educated to the primary and secondary levels (data not shown).
Discussion
A clear policy message emerges from this study -universal access to health care is fundamental to achieving the goal of health equity. In Thailand, child immunization was distributed uniformly over the economic gradient of mothers or caregivers. Surprisingly, immunization coverage in rural areas and in the children whose mothers or caregivers had no formal education was slightly higher than in urban areas and in those educated beyond secondary school. These findings suggest that better service coverage is provided in rural areas (mainly by district health systems) than in urban areas. In spite of a positive CI, coverage of maternal care by skilled health workers in Thailand is not as concentrated among the rich as it is in other developing countries under the Demographic and Health Survey (DHS) programme (for prenatal care, Thailand has a CI of 0.0078, compared to 0.1095 for DHS; for delivery, Thailand has a CI of 0.0172, compared to 0.2747 for DHS). 23 The relatively equitable distribution of MCH service coverage in Thailandbetween rich and poor, urban and ruralcan be explained by government commitment to investment in health infrastructure and expansion of health insurance coverage over the past three decades. 24 The country's well functioning primary health-care service is facilitated by the government's pro-rural policy of mandatory public service by all medical, pharmacist, dentist and nurse graduates at the district level, as well as by other paramedics at subdistrict levels. 17 The geographic coverage of district hospitals and subdistrict health centres has continued to expand over the past three decades. District health systems, including hospitals and health centres, are at the forefront in providing a comprehensive range of curative, preventative and health-promotion services, including MCH. 16. This in-country study supports findings from cross-country analyses that have found a negative correlation between the overall level of MCH interventions and the rich-poor gap in such coverage, 7 and a strong positive association between health-worker density and child immunization coverage. 25 However, some disparity in child health outcomes is still noticeable between rich and poor, and between urban and rural areas in Thailand. For example, the country's CIs for diarrhoea, malnourishment, underweight and stunting are comparable to those of the DHS for developing countries. 23 Education is one of the most important social determinants of health inequity. This study found that education gaps for the indicators of teenage pregnancy and child malnourishment were much larger than those for the urban-rural differential. Prevalence of teenage pregnancy Research and child malnourishment decreased as the formal education level of the mother or caregiver increased (data not shown).
In particular, the prevalence of teenage pregnancy dropped sharply among those educated beyond the secondary level. It is clear from this and other studies that maternal education is a vital part of policies to improve MCH. In the context of universal health coverage, access to MCH services is fairly equitable in Thailand. The remaining challenge is inequity in health outcomes, for which social determinants (e.g. poverty, maternal education and other structural social inequities) are important, although they are often outside the mandate of the health sector. The overall prevalence of child underweight, stunting and wasting in this study was 9%, 12% and 4%, respectively. Wasting in children indicates acute malnutrition and stunting indicates chronic malnutrition, which is generally a result of chronic household poverty. Policies should address inequity from birth; they should, for example, tackle issues such as low birth weight, teenage pregnancy and child malnutrition, for which the Commission on Social Determinants of Health recommends multisectoral actions. 4 Inequity at birth has long-term negative implications; undernutrition, for instance, is associated with a decrease in human capital (i.e. the skills and knowledge that enable people to work and thus produce economic value). 26 A limitation of this study is its crosssectional nature. Time trend information could not be extracted from the data because the Multiple Indicator Cluster Survey 2006 was the first survey wave in Thailand. A sample size of over 40 000 representative households is adequate when compared to numbers used in typical surveys conducted in Thailand by the National Statistical Office. A strength of this study is the application of a wealth index, which better reflects a household's economic status than personal income and is easier and quicker to assess.
Conclusion
Universal health coverage in Thailand has resulted in a fairly equitable distribution of MCH services. Major challenges remain in connection with inequity in health outcomes, particularly in the areas of teenage pregnancy and child malnourishment. The gaps between rich and poor Competing interests: None declared.
más pobre, los hogares urbanos y rurales, y las madres o cuidadores con o sin educación secundaria.
Resultados La insuficiencia ponderal (IC: 0,2192; P < 0,01) y el retraso del crecimiento (IC: 0,1767; P < 0,01) infantiles fueron los problemas distribuidos menos equitativamente, pues se concentraban de manera desproporcionada entre los pobres; les siguieron el embarazo en la adolescencia (IC: 0,1073, P < 0,01), y la neumonía (IC: 0,0896, P < 0,05) y la diarrea (IC: 0,0531, P < 0,1) infantiles. La distribución de las intervenciones de salud maternoinfantil fue bastante equitativa, pero las mujeres más ricas tenían más probabilidades de recibir atención prenatal y, en el momento del parto, atención especializada o en un centro de salud. Las intervenciones distribuidas de forma más equitativa fueron la inmunización infantil y la planificación familiar. Todos los resultados sanitarios desfavorables fueron más frecuentes en las zonas rurales, si bien la brecha urbano-rural en los servicios de salud maternoinfantil era pequeña. Entre las madres y los cuidadores sin estudios, todos los indicadores de resultados fueron peores que en el grupo con mayor nivel de educación. Conclusión Se observa en toda Tailandia una alta equidad en materia de cobertura de los principales servicios de salud maternoinfantil. Los resultados sanitarios no equitativos se deben en gran medida a factores socioeconómicos, en particular al diferente nivel educativo de las madres y los cuidadores.
